NOTICE This document contains information of o preliminary nature and was prepared primarily for internol use ot the Ook Ridge Notional Laboratory. It is subject to revision or correction and therefore does not represent a final report.
INTRODUCTION
The reentry tube boiler is a once-through boiler that employs two In order to limit the temperature of the isotope fuel can in the steel heat-block shield, the outside diameter of the boiler tubes needs to be at least 3/4 in. with the maximum allowable temperature on the outside of the boiler tube about 1000°F at the midplane of the heat block. The temperature will be somewhat lower than 1000°F at the ends of the heat block because the requirement for end shielding prevents the fuel element from extending the full length of the heat block. The length of the boiler tube was limited to about 4-5 ft corresponding to the range of length for a minimum weight shield.
The objectives of the present work were to find a design that would produce superheated steam at near the design conditions of the isotope power plant, to Investigate the performance over a range of flow and pressure, and to investigate the effect of the outer tube wall axial temperature distribution on the exit steam temperature. Preliminary calculations Indicated that a geometry with spiral fins on the inside siirface of the outer tube that would extend to near the surface of the central tube would improve the heat transfer in the annulus. This configuration was selected on the basis that the fins would provide increased heat transfer area from the outer tube to the steam in the annulus, and that a narrow gap between the fin tips and the central tube would provide a low-resistance path for heat transfer from the outer tube to the central tube, A stainless steel tube with a 3/4-in. OD and 8 spiral fins machined on its inside surface that had been fabricated as a spare for another program was available.
Since this configuration appeared to be promising for this application and because considerable expense would have been involved in tooling to produce a tube with a new geometry, this tube was selected f^r testing. An existing test facility was modified to meet the requirements of the reentry tube boiler test. The test conditions included water flow rates from 1 to 7 Ib/hr, pressures from atmospheric to 200 psia, and outer tube wall temperatiores up to 1000°F.
APPARATUS
The major components of the reentry tube boiler test facility include a pressurized water tank, the boiler, preheaters, condenser, and rotameter.
A schematic diagram of the test facility is shown in Fig. 2 . Distilled water flows from the water supply tank, through two valves, through the rotameter, through two preheater sections, and into the boiler. Steam discharges from the boiler, flows through a needle valve and into the condenser. Heat is supplied to the preheaters and boiler by electric heaters. The characteristics of the six models of the inner tube that were tested are given in Table 1 . The tube runs down inside the 55-gallon drum so that the steam is discharged at the bottom of the drim and well below the surface of the water.
The condensate is used as a source of water to refill the water supply vessel.
Electrical and Instrumentation System
Electrical power is supplied to the preheaters and the four boiler T The results above were obtained for a boiler inlet temperature just below the saturation temperature corresponding to the boiler pressure.
When the inlet temperature was reduced to 120°F for a boiler pressure of 200 psia and a flow rate of 5.2 Ib/hr, the resulting superheater exit temperature was only 390°F, which is just slightly higher than the saturation temperature. Thus it seems to be imperative that the feedwater be preheated to near the saturation temperature in order to obtain high superheater exit temperatures. L^^p^" r t^^ t^Alti t m."
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iiiiiV:: The superheater exit steam temperature is given vs the tube wall temperature at 6 in. from the steam exit in Fig. 13 . The exit steam temperature is reduced by only about 25°F as the tube wall temperature is decreased from 1000 to 950°F, but below 950°F the rate of reduction is more pronounced.
Heat Distribution
The heat input requirement for each of the four boiler sections is of interest as it relates to the wall temperature distribution that would result in the radioisotope heat block-shield application. The actual conditions in the heat block would lie between that of uniform wall temperature and that of uniform heat input. Both of these cases were approximated on In both these cases the superheater exit steam temperature was about 720°F. These results, along with the information from the tests at lower uniform wall temperatures, indicate that the exit steam temperature is essentially independent of both the wall temperature and heat input to sections 1, 2, and 3 within wide limits, and depends only on the tube wall temperature in boiler section 4. Thus, it would appear that satisfactory exit steam temperatures can be obtained in a radioisotope heat block without creating excessive hot spots along the length of the block because of the variable heat-removal capability of the boiler tube. Where the heat input demand of the boiler tube is greater, the tube wall temperature will tend to be reduced. This will in turn reduce the heat block temperature at that point. Axial conduction in the heat block will cause heat to flow to the lower temperature, and reduce the temperature at the point where the heat-removal capability of the boiler tube is smaller.
A primary objective in testing Models 3 and 4 was to determine if the distribution of heat input to each of the four boiler sections could be improved over that observed for Model 2 for a uniform wall temperature of 1000°F. The net heat input to each of the boiler sections is shown for Models 2, 3, and 4 in Table 3 . Considerable improvement is shown with
Model 3 in that the heat input to section 2 is increased to 812 Btu/hr from 453 Btu/hr for Model 2. An even further increase to 944 Btu/hr was which was observed experimentally at these conditions, was assumed for the calculated performance, which leaves only the superheater exit steam temperature to be compared to the measured value. An exit temperature of 516°F was calculated and a temperature of 450°F was measured. This is not considered to be very good agreement. It is therefore recommended that the calculated performance of any new reentry boiler design be used only as an approximation, and that the boiler be tested to determine more exactly its performance.
COWCLUSIOWS
The following conclusions are drawn from the results: 
